gives the trend for the capacity requirement, actual limit capacity,
required peak load capacity and the supply balance.

It can be seen that the power balance will be positive from 1996 onward
but become negative In 1998, Consequently, it will be absolutely vital

- to cominission a new diesel unit in 13999 if the connection of the
"' Manantall hydroelectric power station to the grid should fall behind

schedule.

While the power balance offers no margin for 1994 and 1995 if we assume

" that the time availability of the plant is 701 (for 6,132 hours), the
generating facility does give confidence that the necessary reserve
capacity will be available to permit appropriate plant maintenance in
the operating schedule with effect from 1996,

6.4 Selection of the Installation Location for the Power Generating
Facilities ' B ‘

As an urgent priority of the development of electric power system, it is
necessary to select the actual installation location for'generating facilities

depending on the foregoing examination.

The investigation for the feasibility study was carried out mostly on the Bel-
Alr Power Station. As an alternative location, however, the study also took
into consideration the Cap des Biches Power Station.

The major issues are the sultability and the optimum siting of the building
which is to house the generating facilities and the bus bar for connecting the
generators. Basic planning of generating facilities in the both statlons are

as follows.

Bel-Alr Power Station

*  The new facilities shall be aligned in the building with existing 5,000
kW diesel units in the ‘power station and their output shall be
connected to the 6.6 kV busbar in the same manner as the existing

diesel'geﬁerators.'

612
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The new facilities shall be aliéned in the building with the existing
5,000 kW diesel units in the power station and shall be connected to
the 30 kV busbar through a step-up transformer.

The space near the outdoor 90 kV switchyard shall be utilized to build
a new building for the generating facility and the facllity shall be

connected to the 90 kV busbar via step-up transformer.

Fig. 3.1-1 is a plan view of the bullding with the existing diesel generating

facilities and its surroundings.

Cap des Biches Power Station

(1) -

The space next to the building with the existing 20,000 kW diesel

- ‘generators is inténded for future extension programs and 1is already

prepared for construction.  This space.might be ideal for the new
facilities with connection to the 30 kV busbar in the indoor
distribution switchgear station. As Stéted.in 6.3.2 (1), however, the
foundation work for the installation of the future diesel units in 1997
and 1999 has already been completed so as to be aligned with the
existing building.’ Consideration has also been given to the laying of

'power cable to 90 kV switchgear station without intersection and

utilization of the space next to the existing outdoor switchgear

station,

" Therefore the new arrangement of diesel generating facilities will be

as shown in 6.4-1 and it will need construction of new building to

house them and expansion of existing indoor switchgear for the

connection to 30 kV busbar.
. Bel-Air Power Station

In case of the Bel-Aif Power Staiion proﬁided with additional 10,000

kW, it would mean that a further 10,000 kW would be added to the
existing circuit of the two 5,000 KW units installed in 1991 under the

- grant aid by . the Japanese Government. Totally 20,000 kW implies a

roughly 402 addition to the existing four 12,500 kW generating units,

"totallng capacity of 51 200 kW, and following items should be examined
.:for ‘confirmation of possibilities for the additional generating
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_capacity, Flg., 6.4-2 1s a single line diagram of the power station,
P; ¥ ; _ 2ptatl

1) . Main ;ssuqs for load Qispatphing

2) Busbatr arrangement
3) Aging of facilities :
4)  Short-circuit current and interrupting c&pacity

)] Space for extension

6) Environmental impact

Main issues for load dispatching.

At present, the Bel-Air Power Station's generating facilities
consist of the rather obsolete heavy oil fired thermal power

. generating units which has been kept in operation well beyond its

normal serqice_lifg and ;hg_dgesel generator units installed

_un&er the grant aid by the Japanese Government, The relation

between the generating facilities and . the transformer

_installations are as follows.

a. Capacity of generating facility

"Steam generating

facilities = . 12,500 kVA x 4 30,000 kVA

Diesel generating
facilities 6,250 kVA x 2 = 12,500 kVA
Total 62,500 kVA (1)
b. Transformer capacity
6.6190 kY units 10,000 kVA x 3 = 30;000 kva

6.6/30 kY units 7,975 kVA x 2 = 15,950 kvA -

6.6/6.6 kV units 20,000 kVA x 2 40,000 kVA

fotal T 85,950 VA (2)

The spare capacity ratio is thus (1)[(2) = 0.73.

Normally, this ratio is’ atound 0.7 and they are reasonably
in balance.K Further 1ncrease of the generating facilities,

'special consideration of system Operation will be needed.

6 -14
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If it will not bé possible to retire for the old steam
generating facilities on schedule, the need might possibly
~arise for some power absorption capacity to be installed
‘temporarily. It 1ls definitely not desirable therefore to
* connect any further generators directly to the existing 6.6
* kV busbar since this would glve rise to restrictions in

. ‘system’ operation.

The ' proposal that the generating facilities should be
" connected: to the 30 kV busbar might increase supply
capability of 30 kV circuit, substitute 30 kV feeders from
Hann Substation and be oné of the means of resolving the

' above probleéms concerning the 6:6 kV busbar configuration.

The proposal sughéstiué‘ that the generating facilities
should be connected to the 90 kV busbar would only be a
practical plan for ' the supply through the 90 kV
transmission ‘line into’ the Hann ‘and Cap des Biches
" directions. In the 1dng tefm, howeveér, the supply will be
for the 6.6 kV and 30 kV syétéms since the energy generated
will be consumed in the vicinity of Bel-Air. The 30 kV

busbar can therefore be regarded as most suitable.
Busbar arrangement

As shown in Fig. 6.4:2, the existing busbar consists of a double

‘busbar -arrangemerit. The policy is that when one of the busbars

fails the other busbar is available so that operation can be .

‘maintained without disruption.

The indoor type switchgear for the existing steam generating
units ‘and the diesel generator bullding are connected by
underground power cable. ~ The rated current for the series-

connected equipment in this linkage circuits (circult breakers

‘atid disconnecting switches) are specifled as 2,000A. The rated

current of the two 5,000 kW {total 10,000 kW, 12,500 kVA) diesel

“generatofr blbckEls*l;ogﬁa.'VIf'lhis“cutreﬁt is to be fed to the
*6,6'kV ‘busbar {n the same manner as with the existing equipment,
‘the total currént would bs 2,187 A ahd thetsfore In excess of the
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2,000 A current rating for the serles-connected equipment in the

linkage circuit. Even deducting the power consumed for station

service, it can be realized that it will not be possible to

maintain single busbar operation if all the generaters are

_.operational. It Is therefore not possible to use the same method

of Installation as that wused previously for the existing diesel
generating units. Another possibility worth considering is the
fixing of two units to each of the busbars. The problem with
this method, however, would be that it would upset the design
philosophyAand this would not be recommended.

In this connection, the problems could be overcome by connecting
the new generator units to the 30 kV busbar via 6.6/30 kV step-up

transformers. This arrangement would meet the current rating

. even with a double busbar arrangement.

If the generator block 'is connected to the 90 kV busbar, the
problem would be that any busbar failure would inevitably lead to
the shutdown of the generating facility because of a single

busbar configuration,
Aging of facilities

At the Bel-Air Power Station, deterloration of the facilities due

to aging is remarkable and those parts in which aging are not
~seen. obviously are particularly serious. The supporting

_insulators for the busbar conductors, the insulation strength of

the underground cables, the corrosion of the buried cable
conduits, the contactors of the disconnecting switch and the
interrupting capacity of the circuit breakers are examples in
point. It is not, however, recommendable to replace these
elements partially because of considerable difficulties of

replacement and danger.
Short circuit qurrent and interrupting capacity
The short circuit current in the busbars can only be estimated

roughly as there are no detgils on the reactance values for the
existing power generators. .It.is clear, however, that the direct
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connection of all generator units to the 6.6 kV busbar would
suggest a rather large short circuit current. If, furthermore,
the fault current flowing from the 90 XV system is taken into
consideration, there would be problems even with the present
circuit breakers and interrupting capacity. Nor would it be
possible to connect the new power generators directly to this 6.6
kV busbar.

This might reduire some further examination, and it might
concelvably be necessary to adopt some suitable measure to reduce
the short circuit current by, for example, operating the busbars

separately.

In this connection, the connection of the new generators to the

30 kV busbar would be a worthwhile as a means of controlling

short elicuit current increase in the 6.6 kV busbar.

Space for extension

The two new 5,000 kW diesel generators to be installed under this
pro ject can be ereécted in the buildihg which already accommodates

the existing diesel generator facilities. And, indeed,it is

" desirable to install similar types of facilities in the same

place.

In the event that the new ‘generating facilities should be
connected directly to the existing 6,6 kV busbar, the same design
as that for'thé existing diesel generétbr Slcck would be adopted.
If the connection is made to the 30 kV busbar, however, a step-up
transformer would need to be installed in the old generator
building so that the connection to the 30 kV busbar in the
swltchgear building next to the main building could be made
through 30 kv power cables.

Thée breakers, protection relays and control panels for the new

diesel generators should be installed by way of expansion of the
control room in the present building, with the possibility of
providing a monitoring in the main control room to cover the

needs for the 30 kV systems.
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6) Envircpmental impact

In view 6f the geographfc location of-BeivAir, it needs at least
to maintain present noise level which affect directly to the
_citizens at the new installatién of 2 units of diesel generator
set in addition to the e;{spinglﬁ‘units of steam generating
facilities and 2 units of.diésel.genegatqg.

‘Others will be discussed in:Chapter 12 titled "Environmental
. Assessment”.

{(2) Cap des Biéhes

The installation of further 10,000 kW generating facility at the Cap
“des Bicﬁes powgr.staéion wnpld:be:differen;_fﬁom that of the Bel-Alr
power siation.‘as‘can;be_sooq from the singlexii@é diagram of Fig. 6.4~
4. The sﬁort circuitlcurrent in the busbar would.not be so great since
the generators are connected to thg busbars through transformer. The

following points should be examined. %
) Connection to éxisting busbar

Two éases can be.cdnsidered. .Oné is to connect the generators to
the busbar in the ekisting 30 kv indeo? éwltchgear.‘and the other
to connect the new generators to the outdobr 90 kV bushar, The
_connection to the 30 kV busbar with certain modification to it
would be more qdvantageous:from view points of the cost and the

ability to withstand shgrt circuit.

2) Operating method
Operation shouid be by remote control from the present control
room for the existing 20{000 kW diesel geqerating facility. The

operating panel for remote control and monpitoring should be

installed in the existing control room for unmanned operation.
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Control range

* From the existing diesel generator control room; the operation of

generator start/stop and output and voltage control and operation

of the switchgéar on the 30 kV side shall be the responsibility
of the control room {C III) for the steam generating facility.

Syrichronizing method -

For synchronization, independent synchtonizers shall be installed

.. on.the diesel generator side.

-Shoft’citeuit cuirrent” -

¢

Since this is a relatively new: facility with new design and has
a margin so that it will not present any problem in terms, of

 short- cirCuit currents for a very long time.

Eiieting'30 kv indoor swltchgear

:aModifientipn.of the existing indoor 30 kV switchgeat would' be
' required és an extra since there is no spare feeder with the

circuitl breaker and disconnecting switch in the existing
facility.

fEnvironmental impact

In view of the environment impact due to the existing diesel

'generatofs; the ‘bnilding should be designed by taking nelse

measures into consideration, and it would not be difficult to

maintain noise levels at the present values,

Further environmental aspects will be discussed in Chapter 12

titled "Environmental Assessment”.
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3 Selection of Installation Sites for Generating Pacilities

In recognition of the above study and on the basis of overall

comparison Including construction cost, following assessment has been

made and in the light of this evaluation the Bel-Air has been selected

as the installation site.

Comparison of Installation Site

Item

Bel-Air Power Station

Cap des Biches Power Station

1. lLocation

Near to the demand cenife;
favorable from view point of
dispersion of power stations

A little remote from centre
of Dakar city, centraliza-
tion of power stations

2. System
Operation

Though capacity problem in
present facility, favorable
from view point of supply

reliability, voltage control-

Enough capacity in present
facility, but problem of
voltage control due to
concentration of power
source -

3. Future
Expansion

By reinforcing the capacity

of facility, it will become

reliable power source in the
load center

Very important facility for
introduction of future
hydro-power and no
restriction for future
expansicn ‘

4. Harmony with
existing
facility

Very good harmony with
existing diesel units making
a complete power station by
4 generators

New generators will be a
1ittle different in capacity
and not good balance with
existing machines

5. Connection
Bus

30 kV Bus

30 kV Bus

6. Cost Increase

Cost for 6.6/30 kV

facilities will be 1ncreased.

Cost for generator housing
expansion of switchgear
building and 6.6/30 kv
facilities

7. Environmental
Inpact

Located in the city, careful
attention should be paid

Now verj little housing
around the station

©
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Graph 6.3.2 Supply Balance
Short Term Development
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CHAPTER 7 TIMPROVEMENT OF DISTRIBUTION NETWORK .

7.1 Need for Improvement of Pistribution Network

USENELEC's existing distvibution network in the Dakav area has not received the

attention 1t should have been given in carrying out the appropriate extension,
expansion and rehabilitation work to meet the sharp increase of load in the
urban area. As a result, bottlenecks are in evidence and extreme voltage

drops occur in various parts of the distribution system. These problems are

..a serious hindrance to the stable, reliable and high-quality power supply to

the consumers.

Aging is another blg problem as many of the facilities are now over 30 years
old, going back to the time when the system was first installed. Obsolescence
and capacity shortage are the main causes of frequent disruptions in the form
of operating problems and . failure of equipment. In general, the situation is

that pormal operation of the distribution system is seriously impaired.

At the same time, the government of the Senegal and the Dakar city authorities

- are engaged in population dispersal programs to counter the extremely high

population density in central Dakar and the influx or the migrant population

" from outside Dakar into the city. As part of these programs, housing estates
_are being built on the outskirts of Dakar. While efforts are belng made to

create the infrastructure in the suburban areas it has still not been possible
to provide the new residential suburbs with adequate power. To resolve these
problems on distributien facilities, it is considered most essential to carry
out rehabilitation, expansion and other necessary works on the distribution
network in order to provide the consumers with a high-quality electric power
and to give new consumers the benefits of electricity supply without delay.



7.2

Distribution Line Facility Plan of SENELEC

7.2.1 Operational Problems

Operational problems on transmission and distribution lines of SENELEC are as

follows.

(1)

(2}

(3)

90 kV Transmission Lines

At present, no problems are encountered with the operation of the

existing 90 kV transmission lines.
90/30 kV Grid Substatlons and 30/6.6 kV Distribution Substations

While there are no problems in connection with the 90/30 kv grid
substations and 30/6.6 kV distribution substations, caution is needed
on the following aspects relating to the 30/6.6 -kV distribution

substations.

a. Due to the use of minimum oil type circuit breakers which have
~aged significantly, it will be necessary to carry out occasional
repalrs as these breakers are vital to ensure the rellability of

grid protection. It is recommendéd that the existing breakers be
replaced with SF6 type circult breakers 1In all distribution

substations. -

b. The batteries are Installed on the floor and it 1s recommended
that they be mounted on racks.

30kV Distribution Hetwork

a. The pole-mounted H61 type Poste transformers are not provided
with a 1lightning arrester. It is recommended that lightning

arresters be installed.

b. The section switches installed outdoors are not easy to maintain
due to contamination of dust, it would be desirable to 1nstali

these section switches in an indoor locatioen.



(4)

(5)

(6)

6.6kV Distribution HNetwork

There is not sufficleat medium/medium voltage transformer
capacity to meet the supply need for consumers through the 6.6 kV
system. Steps ate therefore promoted to step up the voltage of
the 6.6 kV lines to 30 kV to supply power to new CONsSumers
through a 30 kV system.

The minimum-0ll type circuit breakers present difficulties in

terms of maintenance and control.

Some consumers are supplied through spare cables. These consumers

should best be supplied on a 6.6 kV or 30 kV supply voltage.
The locking devices are not functioning. To avoid maloperation,
it is therefore recommended that these defective devices be

replaced.

The settings for the fixed time overcurrent relays for the

underground cable are inadeguate.

The Bel-Air distribution substations have no space for extension.

Medium{lLow Voltage Poste (Distribution Poste)

It 1s recommended that lightning arrester and medium-voltage fuses be
installed.

Low Voltage Distribution Network

To reduce power losses and balance the load between phases, it
will be necessary to change the supply voltage to consumers from
the "false B2* to “real B2."

It is recoimended .that the bare copper conductors should be

replaced with pre-assembled cables.

Installations in coastal regions are exposed to salt
contamination. To prevent this hazard, underground cables is

recoimmendable.

T-3



7.2.2 Planning Standards

The following: i1s an overview of the standards applicable to the Basic

:Distribution Line Plan and the operation of the distribution lines. These

standards have been quoted éssentially from the "Master bevelopment Plan
- (Report 334432-4:84).% o

(1}

(2)

(3)

Voltage Classes

The voltage classes used for the distribution lines in the Dakar area

are as follows,

s ‘Medium Voltage Distribution Lines: 6.6 kV and 30 kv

- Low Voltage Distribution Lines : 127/220 V (Bl/false B2)
220/380 (real B2)

Under SENELEC's future plan, the standard voltage classes will be:

- Medium Voltage Distribution Lines: 30 kv
- Low Voltage Distribution Lines ¢ 220/380 V

Maximum Allowable Voltage Drop

The maximGm allowable voltage drop limits' for SEBELEC’s distribution

network have been determined as follows.
- Low Voltage Distribution Lines ¢ 110X
- Medium Voltage Distribution Lines: 5% (under normal conditions)
' ' 107 (under abnoirmal
conditions}

Maximum Allowable Current

Tables 7.2,2-1 ~ 3 gives the maxiwmum allowable current for conductors

‘&nd cables. Table 7.2.2-4 shows  the maximﬁn:hllowaﬂle current for

substation bus bar§, The conditions applicableé to the calculations are
as follows:




(4) .

(3)

a. Conductor$

- 'Ambiént temperature : 30 °C
- Temperdture rise of conductors 1 50 °C

b. Underground cable

- Basic temperature of soil : 36 °C
- Specific heat resistance of soil 100 ‘Ciem/W

Shott circuit Level and Insulation Class

The following specificacicn data have been laid down by SENELEG.

. a.  Short circuit current
30 XV & 6.6 kV circuit breakers:  12.5 kA
30 XV & 6.6 kV clrcuit breakers
and disconnecting switches ! 10.0 kA
b.. . Insulation class
6.6 kV: 24 kv (Iﬁpulsc.vcltage: 125 kV}

30 kV & 36 kV (Impulse voltage- 1?0 kV)

In regions 1iable to salt contamination problems due to alr
'salinity, the insulation classes 45 kV and’ '60 k¥ shall be
'aﬁplicable in’ accordance with the pollution level,

Bigh Voltage/Medium Voltage Substations (Grid Substations)
1) Spare transformer capacity

"The spare transformer capacity at the high voltagefmedium voltage
:substations is stated as given below by the number of transformer
banks instailed in the substation.

a) 1001:' 1 bank

b S0%: 3 banks

“eo T3350 T s banks
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2)

Limitation on transformer capacity

The table below gives the percent-impedance of transformers on
the basis of the
distribution lines.

short circult current of medium-voltage

Substation Tapedance | Capacity
High voltage/30kV (Grid substafion? | 12.52 80MVA
30/6.6kV (Distribution substation) 11.02 20MVA
30f/6.6kV (Distribution substation) 10.02 15MVA

3)

Gﬁaranteed'capaéity for substations

The guaranteed capacity data for injector substations with two

and three transformar units are as follows,

Unit: MVA
2 Transformers 3 Transformers
Type of substation Installed Guaranteed Installed Guaranteed
capacity capacity Capaclty capacity
(MVA) (MVA)
High voltage/30kV 240 | a0 . -
High voltage/30kV 2x80 80 3x80 160
High voltage/30kV - 2x40+1x80 80 1x4012x30 120
30/6.6kV 2xls | 15 3x15 30
30/6.6kV 2x20 ‘ 20 3x20 40
4) Number of feeders

The maximum values f&k the medium-voltage feeders'required for
high voltage/medium voltage substations {Grid Substations) shall
ﬁe calculated on the baéisrof the mean load factor during peak
1oad cohditions andlthe‘intef-feedér expansi@n factor (facteur de

foisonnement). (For details épncerning the method for

. calculating the expansion_fagtbr. ﬁqf@r to Report Document No.

34432-4-84.) This expansioen fact@r‘haSKbeen applies to the
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cross-sectional area of the conductors and the guaranteed
%%g ] capacity data for substations to obtain the following values for

the number of feeders requifed.

Feeder - Supply § Number of feeder
substation
Type of
substation Rated Mean Guaranteed For . Spare | Total
. capacity load . output operation
{MVA) . (MVA} (MVA)
High 15.3 7.6 40 7 2 9
voltage/ .- 80 13 4 17
30kV x 120 i9 6 25
160 25 ? 32
30/6.6 kV 4.4 2.9 : 15 7 2 a
' 30 - - 13 4 17
40 17 5 22

{6) Medium Voltage Distribution Networks
%gg ' 1)  Configuration of the medium voltage distribution networks

The grid configuration of SENELEC's medium voltage distribution
network has been standardized on a spike (corn ear) - spindle

structure,
2} Supply range of feeders

The feeder lengths for SENELEG's medium voltage distribution

networks have been determined as follows,

a, 6.6 kV: Qverhead lines t 3.8 km
' Underground cables: 5.3 km

b. 30 kv { Overhead lines K 13 kn
Underground cables: 21 km



3) Conductor size

Economic conductor sizes for the SENELEC system are as follows. ég?

Transmission/ Qverhead Lines “Underground
Distribution: SR (ALMELEC) Cables:

o (AL TORSADE)
8, 6.6 kV Distrxbution lines S j S
“Trunk linés o 148 bm? 240 mm?

Branch lines - 11793.3 inm? 150 mm?

L]

b. 30 ky Distribution llnes

Trunk linés - 148 fm? 150 -mm?
Branch lines ~ - 93,3 mm? 95 mn?
é. 30 kv Transmission lines - S
. 15 MVA Substation b 228 i 240 mnd
4) Medium veltageflow voltage transformer capacity

The decision.is that transformers of such a capacity are to be
installed at SENELEC that no replacement will be needed for three %
years after the commissioning of the transformers.,

{7) Low Vbltage‘Distribu;idn Liﬁeé

1) Voltage drops for low voltage feeders

Maximum voltage drop for lowrvoltagé feeders: 5%

(subject to thg following conditions)

a. Power factof: 851

b. No 1oad over the initial 101 section from the distribution
‘Postes and uniform distribution over the remaining sections.
VTable 7.2.2-5 gives the supply 1ange for the low-voltage

7 distribution lines.

2) Supply range for medium voltagef/low-voltage postes (distribution g;
substations) and number of feedexs

Table 7.2.2-6 shows the load densities and number of feeders for
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the transformer capacities concernéd, based on the low veltage

feeders’ load factors. Due to current capacity limitations, the

“ number of feeders will Increase when transformers in excess of

630 kVA are used for the overhead line feeders.

(8) Protection

1)

2}

3)

Summary

Generally, the distribution network has adequate protection and
the protective devices are functioning properly., The protectien
system using fiked timé overcurrent relays is not appropriate for
the high voltage and medium voltage grids which require early

fault removal in order to reduce grid damage and maintain grid

:gupply reliability.

At the high voltagef30kV substations, it is therefore recommended

that inverse time relays be used for the each voltage levels and

for the feeders.
High voltage/medium voltage postes (grid substations)

. f

The following protective systems are being used in the grid

substations.
a., Line protection t Electrostatic distance relays
b. Feeder protection : Overcurrent protection

c. Transformers 1 Differential - relays, gas detector

relays, temperature relays
d. Overhead feeders ' 1 Overcurrent ground relays

30/6.6 kV postes (distribution substation}

a. 30 kV feeders: Overcurrent relays -



&)

5)

30 kV and 6.6 kV feeders
30 kV and 6.6 kV Feeders: Fixed time overcurrent relays
Medium voltageflow voltage postes {(distribution postes)

a. Primary side of medium voltage/low voltage transformer: medium

voltage fuse

b. Low voltage feeders: Fuses

_¢. Transformers mounted on Poste H61: Circult breakers Installed

on secondary side

Transformer and underground cables require protection by lightning

arresters,

7.2.3 Long-Term Plan

(1)

The State of the Power System in Year 2005

The Study was performed on the basis of the following assumptions.

L

By the target year 2005 the transmission voltage in the Study
Area will be 90 kV.

The power generating facilities will be expanded to meet the

increases of load.

90 kV transmission lines

Even in case of fault of one circuit transmission line,
transmission capacity will be maintained at 262 MVA on the Cap
des Blches ~ Hann section and at 181 MVA on.the Hann ~ Bel-Air

section.

These figures exceed the estimated :load of 144 MW {(in the high-

growth scenario), no 90 kV transmission line will be constructed.

7-10
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2)

High voltage/medium voltage grid substations

Under the optimization survey, the distribution network plan has
been drawn up with the objective of creating a network with fully
adequate capacity while minimizing construction costs. The
conclusion has been reached that it is more appropriate to change
over the 6.6 kV load to a 30 kV network and not expand the 6.6

network which has seen a considerable load expansion.

~ Nor is it considered necessary, with regard to the 30 kV network,

to build new high voltagef/30 kV grid substations, except where
the supply capacity has reached its limits or the supply range is
expanding.

Based on the application of this approach, the following
conclusions have been drawn. In order to establish an opt inum
distribution network, it will be possible to meet power demand
for the three existing grid substation (Hann, Cap des Biches and
Bel-Alx) by changing over to 30 kV from the current 6.6 kV load
for approximately 28 MVA by the target year, and through the

installatlion of one transformer unit at Hann.

Evolution of loads in the grid substatlons and change over
schedule of 6.6 kV loads to 30 kV are shown in Tables 7.2.3-1 and
-3, respectively.

To confirm the targeted distribution network, a distribution
network improvement plan has been formulated with the year 2005
as the .target year by analyzing the planar shifts of the center
of gravity of the loads in each area. As a result, it has been
established that the deviation of the plan from the load center
is a minor one. This means that no major route change Is

required to the basic distribution network.

Due to the changeover ' to the 30 kV distribution network and as a
result  of Increased power -demand, it will be necessary to
increase the guaranteed output from the grid substation Hann. On
the high growth scenario, it is planned to install a 80 MVA
transformer at Hann in the period from 1997 to 1998 to replace

T-11



3)

the 40 MVA transformer.
Technical surveys have shown that the expansion of the medium-
voltage distribution network in Dakar is limited by the following

factors:

- Bottlenecks

. =~ Excessive voltage drops at feeder ends

‘The bottleneck. problem can be resolved by using standardized

cables. The problem of. excessive voltage drops at the feeder

-ends can be resolved. by using double circuit feeders or by

changing over to a 30 kV system.

- Conclusiors

The targeted grid is to.see a gradual transition to 30 kV supply

for major loads in order to improve the reliability of the

medium-voltage -grid and create "more favorable operating
conditions. . With the  increase of capacity at the Hann grid
substation (1996 - 1%97), it wilL be possible to enhance the
guaranteed output from a level of 80 MVA to 112 MVA.

(2) Medium Voltage Distribution Network Plan -

1)

Priority canstruction work - 1992

Simulations of the operating conditions for the distribution

- network built in 1991 -demonstrated that there were no major

problemé on the 6.6 kV distribution network’s trunk line end,
except for excessive voltage drops and bottleneck conditions.

The voltage drops-need to be controlled to within 51 by using

0 30/6.6 kV transformers.

To resolve the bottleneck conditions, rehabilitation work is

‘required-involving the replacement of the small size conductors.

Table 7,2,3-2 sums up:the rehabilitation work required on a

. priority basis in order to resoive these problems.

()



(3)

2)

3)

4yt

Rehabilitation plan for the Dakar distribution network

Table 7.2.3-4 sums up the short-, medium- and long-term
construction plans. Tables 7.2,3-5 ~ 7 present details of the

construction projects.

Changeover plan for the 6.6 kV distribution lines to 3¢ kV
{voltage step-up)

- The load at the trunk liné feeder outlet is to be reduced,

- Operation of the 30/6.6 kV distribution substations is to be
continued without incréasing transformer capacity.

- Voltage drops are to be controlled to within 5% of the rated

voltage.

'In view of the above, it will be necessary to use a 30 kV supply

voltage for the large cofsumers.:
Table 7.2.3-3 is an overview of the changeover plan for the 6.6
kV -load ta 30 kV.

Distribdtion network expansion plan:

To supply power to new loads it will be necessary to expand the

ekisting_distribution lines. In this connection, an ¢stimate has

"also been prepared for the transformer capacity required to meet

the line expansion scheme by breékihg7dowﬁ the consuniers by

category and the supply territory by region.

:Table_7.2.3-8.outlineé the expansion plan for the distribution

network and the transformer capacity requirement.

Overview of the Dakar Distribution Network Implementation Plan

The Distribution Network Plan has been established with a view to

achieving a distribution network capable of meeting the demand forecast

for the plan’s target year 2005,

The guaranteed capacity at each of the substations under the plan is as

follows.
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Grid substation
(MVa}
- . Hann . ~ ‘ 112 MVA (after replacement of 4O0MVA tr.
| by 80 MVA (1996-19%7))

- Bel-Alr .38
- Cap des Biches 33 i
Distribution substations

(MVA)
- Centre Ville .16
- Universite : 15
- Usine des Eaux 15
- Aeroport Yoff - 7.5
- Thiaroye 7.9
Under the above plan, it is believed that the changes to the
exlsting distribution network are of a minimum nature. The
rehabilitation plans for the distribution network have been
established in order to resolve the bottleneck conditions and the
overload problems encountered in the 6.6 kV distribution network
The recommended rehablilitation” plan is as shown below,

1692 1693 1997~ 2001- Total
1996 2000 2005
Total conductor . 2,000 3,250 2,210 3,450 10,910
length (m)

The line length required for the distribution network expansion
and the changeover to 30 kV is as follows.

7-14
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(4)

1992 1993- | 1997- | 2001- | Tetal
1996 2000 2005

Additional line length
required for network 1,500 11,500 | 14,000 | 15,000 | 42,000
expansion and : :

changeover to 30kV (m)

Additional line length

required for expansion - 6,000 3,000 2,000 | 11,000
of 6.6kV network (m) _ .
Total + 1,500 17,500 17,000 17,000 | 53,000

Formulation of Development Strategy for the Low Voltage Distribution
Network

The distribution lines from the- cabin-type medium/low voltage
distributions Postes currently being used by SENELEC, have serious
disadvantages. They require high.investment costs and long low voltage
feeders and give rise to cénsiderable ohmic losses and serious voltage

drops.

The use of H61 type overhead Postes will permit savings in construction
costs. However, for the reasons given below, thelr use cannot be

recommended In the area covered by the present survey.

- Their.weight ﬁould limit the transformer capacity to 160 kVA.

- Special vehicles and tools would be required for the work.

- 1t wouid be difficult to establish the eipapsion plan {because of
the inability to control the load).

- These overhead postes are vulnerable to contamination.

- They make repair work very complicated and difficult.
- Work is under way toe lay underground cables for the medium

voltage distribution network.

In formulating the development strategy for the low wvoltage

‘distribution network, it may be wise to lay down the following basic

rules.

- Economic load factor for the feeder,

- Maximun supply range for the mediumf/low voltage distribution

Postes

4 —15
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- Maximum allowable current for conductors
The following probiéms will;atisq unless the_gbove_rﬁles are assured:

- The distribution netﬁorkawould be eibéqded_iﬁ an unscheduled,
‘ unplanned manner. s ’ _: o

- ., Equipment would be operated uneconomxcally.

+ Excessive voltage drops would occut.

- '+ The sefvice life of' the equipent would be contracted as a result

of overload operation.

‘Changeovér to *reéal B2" (220/380 V)

SENELEC's standard power supply voltage to low voltage consumers is

’220[380 V (real BZ), but approximately 50 000 consumers are on a
“'120}220 v (false 52) supply. ' '

Y

' Most cases of feéder overload on the low voltage feeders and most of

the major voltage drops occur in the False B2 grid. The False B2 grid

also gives rise to the following frequently occurring problems.

Z Load imbalance between phases
- Inappropriate load distribution between the distribution postes
of the new B2 and the old Palse B2,

“These’ problems leéad to more serious voltage drops in the low voltage

network and to increased losses.'

‘Evaluation of Required Low Voltage Distribution Line Facilities in

"1993-2005
1) Evaluation of medium voltageflow voltage distribution substations

required

From the study results, the loads of 6.6 kVLdistribution network
are satulated, namely the changeover of lbéds:to 30 kV should be
promoted in order to keep the supply reliabillty and the quality
of servicé.
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2)

Capacity (MVA)

The following overview shows the transformer capacity required in

connection with the load changeover to 30 kV.

1992 {1993~ | 1997- | 2000~ | Total
1996 .{ 2000 | 2005

30kV/Low voltags | :
Transformer 1,800 8?300 8,100

9,800 | 28,000
Capacity (MVA) L 1k

~ The following overview shows the trahsformer'Capacity required

for the 6.6 kV distribution network.

1962 1993- 1997- 2001~ Total
vt 111996 2000 2005

60kV{Low valtage [+ | -
Transformer . - -] 2,800 3,900 | 4,200 10,000

‘

Forecast néeds for the low vbltage distribution network
4. Low voltage feeder length

‘The low voltage feeder length consists of the following

elements,

- Trangmlssidn length.: Distance from the feeder outlet to

the first low voltage cqnsum§r -

- Pistribution length : Distance to the other low voltage

'COnsﬁmer

Normally, the transmission length is a little short of 101 of
the feeder length. The low voltage feeder length, in turn, is
a function of the number of consumers supplied and the surface
area;of the supply territory, The housing density in the

supply area can therefore be determined from the length of the

.low-voltage distribution lines for each low voltage consumers.

,The results.shown in the following table can be obtained by
applying this hypothesis to the number of consumers covered

T=17



by the demand forecast.

Year | Number of | Length per Total low Number of Length per
low consumer . voltage distribu- Poste
voltage (m/consumer) | distribution | tion {kinfPoste)
consumers : line length Postes

(k)

1991 161,521 7.50 1;200° 543 2.2

1993 171,430 7.35 1,259 553 2.2

1996 193,950 7.13 1,380 610 2.2

2000 228,644 6.85 1,560 673 2.3

2005 280,866 6.52 1,810 745 2.4

3) Type of low voltage distribution nstwork

In view of the current situation marked by the use of low voltage
overhead lines consisting of bare coﬁductors (approximately 370
km), it will be necessary to change the supports for most part to
either concrete or wooden pbleé and the bare conductor to
preassembled cables. While the present situation shows that only
abecut 101 of all currently existing facilities use underground
cables, the scheduls under the plan for the period 1993 - 2005 is
to raise this share to 307. Based on this plan, it is possible to
estimate the length of the low voltage distribution network
required for the plan period from 1993 through 2005. The results

of these estimations are as shown below.

Low voltage distribution line length (km)
Period T '
Extension | Rehabili- Total | Overhead Underground
tation lines lines
1993-1996 159 370 529 510 19
1997-20600 137 - 137 110 27
2001-2005 210 - 210 147 63

(?7) - Need for Facilitles and Investment Plans

1) Righ voltage transmission network rg‘
In the Survey territory, it will not be necessary to construct 90
KV transmission lines by the project target year of 2005.
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L 2) 90/30 kV grid substation

@

During the period from 1997 - 2000,. it will be necessary to
change the 40 MVA transformers at the Hann Grid Substation to 80
MVA. The costs involved will be US$907,220.

3) 30J6.6 kV distribution substation
Planned for construction work :

- The minimum-oil type circuit breakers need to be replaced by
SF6 breakers (23 sets)

- Installation of racké'fof storage battéries

- Installation of neutral g;o@nding resisténce at Aeroport Yoff

- distribution substation.

The costs involved will be US$312,450.

4% Medium voltage distributioh line ﬁetwork

The construction quantities required for the medium voltage

distriﬁution 1ine network is as shown below.

Period Rehabjilitation. Extension Total
i {km) {kan) c{km)
1993-1996 5.5 19 24.5
"1997-2000 2.5 17 ‘19.5
2001-2005 3.5 1?7 ‘20.5

5) Low voltage distribution line network

~The construction quantities required for the low voltage

distribution line network is as shown below.

Period | Connection Medium Voltage ~ Line length
“joint (Nos) JLow Voltage “{km)
1993-19%6 | 29,055 s 159
: 199742000 " - 26,159 7 63 137
. 2001-2005 . . 41,913 12 210

718




This shall be added‘to ‘the’ constiuction for veplacing the bare

copper conductors by preassembled cables and the constructlon

work for replacihg the 293 transfotmers supplied to the 33,000
consumers receiving power through B1,

The following table shows the Investment plan required for the
low voltdge distribution’ network. *'The priority work to be
carried out in 1992 is included in the construction work for the

period from 1993 to 1996." s

reinforcement and expansion work requiring to be exécuted on a short-term

 basls (1993 - 1996)

The rehabilitation and reinforcement work to be carried

- out under this plan addresses the following problem areas in an attempt te

~ improve the line reliability_anq_o:ea;e_gréaterAflexibility 4n operation,

1.--20

Unit: US$
Period Rehabilita.' @xeeogion Connection Total
R -tion ‘ “joint
1993-1696" 16,839,430 | 6,155,827 | 4,997,460 | 27,992,717
1997-2000 v o 5,741,244 1 4,499,348 10,240,592
2001-2005 - 8,313,415 7,209,036 15,522,451
{8) Summary of Investment Plan
The following table sums up the Investments required for the
distfibution'ﬁetwork'as a whole in the eufvey territory.
o _ Unit: US$
Period Grid Distribu- Med}um Low Total
Substation | tion Voltage | Voltage
Substation | Distribu-!'| Distribu-
tion Line | tion Line
1990-1996 - 312,450 915,620 27,992,717 29,220,787
1997-2000 907,220 - 747,300 10,240,592 11,895,112
2001-2005 - - 757,350 15,522,451 16,279,801
7.2.4 Short-Tern Plan
The Section describesl the implementation plans- for rehabllitation,



- Peedet overload

- Excessive voltage drops

- Bottlenecks

" - o -Unsatisfactory overhéad lines and underground cables

Also included in this Short-Term Plan are the jobs due to be carried out in
1992,

The following details refer to-thé priotity work to be carried out in 1992 and
to the short-term plan to be implemented during the period 1993 - 1995.

(1) 30/6.6 kV Substation
The following construction work is required for the rehabilitation of
the injector stations due to be implemented during the period from 1993

until 1996.

1) Replacement of 30 kV'and 6.6 kV minimum oil type circuit breakers

ig: to gas circuit breakers
Name of . Replacement
Substation Feeder . _Existing breakers breakers
contro. {2 Transformers | 2 EIB 30kV/630A 2 FB4 30kV/630A
ville | 2 Transformers 2 EIB 20kV/[630A 2 FB4 6.6kV/1,2504
3 Feeders 3 EIB 20kV1630A, 3 FB4 30kV/630A
2 Transformers | 2. EIB 30kV/630A .. | 2 FB4 30kV/630A
Universite 5 Transformers 3 EIB 6.6kV/630A 2 FB4 6.6kV/1,250A
. 2 DELLE 6.6kV/400A 3 FB4 30kV/630A
eronort 2 Transformers | 2 EIB 30kV/630A - 2 FB4 30kV/630A
Yoffp 2 Transformers | 2 EIB 6.6kV/630A 2 FB4Y 6.6kV/1,250A
1 Feeder ) 1 EIB 6.6kV1630A 1 FB4 6.6kV/630A
Thiaroye 4 Feeders 4 DELLE 6.6kV/400A | 4 FB4 6.6kV/630A

" Objective: :ﬁebaiélgnfi‘ihéuiation system and reduction of

2)

Costs

110 V battery racks installation (hnd%r construction as of Feb.

maintenance costs

1995)

+ U U8$270,380. -




Reason t Batteries mounted on floor

Costs 1 US$56,490.- @
3 Installation of neutral grounding resistance for two 7.5 MVA

transformers units dInstalled at 30/6.6 kV Aeroport Yoff

distribution substation.

Reason + Improve protection against grounding fault
Costs - :  US§35,580.-

{2} 30 kV Line

Construction work under the short-term plan to be implemented on the 30
kV line consists of rehabilitation and expansion.

1) Rehabilitation of 30 kV lines
a. Hann grid substation .

Feeder: Hann Pecheurs - Icotaf Substation

Details of work: i
Reducing load of Icotaf substation and replacement of
existing 350 m long 54.6 mm? almelec conductor

Reason: Improvement in .operating conditions and clearing
bott Lenecks

Costg : US§ 12,910.-

b. Cap des Biches grid-substation‘(completed as of Feb. 1995)

Feeders: Rufisque Nord

Details of work:
Installation of lightning arresters on overhead H61
distrlbution Postes between Keur Daouda Sarr and
Sangalkam : o B

Reason: Protection of medium voltagellow voltage  (MT/BT)
transformers against induced overvoltage E=3

Feeder: km 22 L



2)

Detalls of wotk:

Reason:

Costs

Replacement of equipment on Radio Rufisgue
distribution Postes

Aging of equipment

US§ 1,240.-

Changeover to 30 kV

" The following (pridritj) works is due to be carried out on the 30

kV lines in 1992 and in the period 1993 - 1966.

a. Bel-Air grid substation .

Feeder:

Grand Dakar

Details of work:

Reason:

Feeder:

Construction of 850 m long 30 kV line and changeover
to 30 kV for 2,200 kVA capacity

76 remove the problems of feeder overload and

‘excessive voltage drops

Dispenséire

Details of work:

Reason:

Feeder:

Construction of 1,000 m long 30 kV line and change-

over to 30 kV for 500 kVA capacity

Removing bottlenecks on line and feeder overload

problems
Yoff

Details of work:

Reasoni

Construction of 300 m long 30 kV line and changeover
to 30 kv for 1,000 kVA capacity

Excesslve voltage drops

b. Universite distribution substation

Feader:

Fann

Detafls of work:

“Construction of 250 m long 30 kV line and changeover

to 30 kV for 700 kVA capacity



C.

Usine Des Eaux distribution substation

Feeder:
Datails

Feeder:

Details

Reason:

Puits 12

of work: : .

Ccnstruction of 400 m Jong 30 kV line and changeover

to 30 kV for 1,000 kVA capacity

Pleupeul ﬁppLe A L

of wark: ‘
- Gonstruction of %Ooﬁm long 30 kV line and changeover
- to 30 kV for_500}kVA_capacipy

ﬁxcessive voltage drops

T

Aeroport Yoff distribution substation

Feeder:

- Details

Reason:

Feeder:

Details

Reason:

i
Air Senegal
-of Work:.
Const;uction of 450 m long 30 kV line and changeover
to 30 kV for. 1,000 kVA capacity
Bottlenecks and feeder overload
BﬁtterierYoff
of work: . I
Construction of 200 m long 30 kV line and changeover
to 30 kV. for 500 kVA capacity

Excessive voltage drops,

Thiaroye distribution substation

Feeder:

Route de Rufisque

Details of work:

Reason:

Peeder:

Construction of 350 m long 30 kV line and changeover
to 30 kV for 800 kVA capacity

Eliminating bottlenecks

Yeumbeul (completed as of Feb 1993)

Details of work:

Construction of 2,500 m long 30 kV iine and
.changeover to 30 kV for 800 kVA capacity (Hamo 4,

.. Hamo 5, Sentenac, Hamo Golf Nord Est)

Feeder:

Dagoudane Pikine

@
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(4)

3)

Detalls of work:
Construction of 300 m long 30 kV line and changeover
to 30 kv for 600 kVA capacity

Reason: Excessive voltage drops

Feeder: Labo-Pecherie

Detalls of work:
Constriuction - of 1,000 m long 30 kv line and
changeover -to 30 kV for 500 kVA capacity

Reason: Excessive voltage drops
Expansion of 30 kV lines

in the period 1993 - 1996 it will be necessary to construct 6km

overhead lines and undergrcund lines.

This work is required -as part of the City Development Project,
notably the Development of the Northern Area for the
International - Trade ' Fair and the Zac, M°’Bao, Malika area
development schemes. The new construction will cost an estimated

US5249,396. -

- Medlum Voltage/Low Voltage Substations

“In the period 1992 - 1996, 13 MVA load will be increased to the 6.6 kV

and 30 kV grid. To :supply those load, 50 sets of 30 kV/low voltage

transformer and 16 sets of 6.6 kV/low voltage transformers will be

required. The costs of these medlum woltageflow voltage distribution

substation (poste) arc estimated as US$2,562,790.-

6.6 kV Lines

1)

‘Priority work (19%2)

Priority works is estimated as U3833,460.- Priority work in the
form of rshabilitation work on the 6.6 kV grid consists of the
following.



a. Bel-Air grid substation

Feeder: Yoff

Details of work:
Replacement from 22 mm? bare copper conductor to
148 mm? almelec for distribution Poste HLM ON 13 -
Pouane (500 m) and Puits 14 - Bassam (200 m)
sections, .

Reason: Bottlenecks

FPeeder: Grand Dakar

Detalls of work:
Replacement from 22 mm? bare copper conductor to
148 mm? almelec for distribution Poste Sicap Rue 10
- Freres Canadiens (100 m) and Lotissement-Baobab
(250 m) sections.

Reason: Bottlenecks

b. Centre Ville distribution substation

B

Feeder: Credit Fonciler

Details of work:
Replacement from 22 mm® bare copper conductor to
148 mm? almelec for distribution Poste Credlt Foncier
- Centre Culturel (75 m). and Centre Culturel-Vox
{100m) sections.

Reason: Feeder overload
¢. Usines des Eaux distribution substation

Feeder: Puits 12

Details of work:
Replacement from 38 mm?® bare copper conductor to
148 nm? almelec for distribution Poste Puits 12 -
Bourguiba (400 m) and from 22 mm? bare copper
conductor to 148 mm? almelec for section Imas - Gras

(375 m). S ' g

Reason: Bottlenecks



2)

Rehabilitation of 6.6 kV lines (1993 - 1996)

In the period 1993 - 1996, rehabllitation work is to be carried
out on the 6.6 kV grid and the cost estimates for this work are
given as US$53,540. -

The rehabilitation work to be carried out on the 6.6 kV grid in
the period 1993 - 1996 consists of the following jobs.

a. Bel-Alr

Datails

Reason:
Feeder:
Details

Resson:

grid substation

of work:

Replacement from 38 mm? bare copper conductor to
148 nm?® almelec for distribution Poste Puits 12 -
Bourguiba (400 m) and from 22 mm?> bare copper
conductor to 148 mm? almelec for section Imas - Gras
{375 mni).

Bottlenecks and Overloads

Dispensaire

of work:

Replacement from 50f10 conductor {200 m) and 36 mm?

bare copper conductor (150 m) to 150 mm? almelec for

"distribution Poste Route des Brasseries - 8SPAC

section.

Bottlenecks and overload

b. Centre Ville distribution substation

Feeder:
Details

Reason:

Foncier Zola

of work:

Replacement from 22 mm? bare copper conductor (100m
overhead line) to 150 om? underground cable
(aluminium) for distribution Poste Consulat - Anse

Bernard section.

- Bottienecks

727



.¢. Universite distribution substation

. Details of work:
-Replacement .from PILC 25 undereground cable (700m) to
93.3 mm? almelec for distyibution Poste Fann Nord -
Regidence Corniche section,

Reason: Bottlenecks
d. Aeroport Yoff distripution substation

Feeder: Air Senegal
. Details of work: 7
Replacement from 22 mm®’ bare copper overhead line
(1,250 m) to 148 mm? almelec for branch Terme Nord -
branch pointinrage Camp Penal section.

Reason: Bottlenecks

e, Thiaroye distribution substation.

&

. Feeder: Route de Rufisque
Details of work: o
Replacement from 38 mm’ bare copper overhead line
(650 m) to 148 mm? almelec..
- Ditribution Poste PTT and Tiaroye - Mer section
{500 m)
- Branch point Touba Thiaroye - Poste Touba Thiaroye
section (150 m)

Reason: Feeder overload
Expansion of 6.6 kV line (1993 - 1996)

In the peried 1993 - 1996, it will bs necessary to construct a
total 6f 6km of 6.6 kV distribution lines, both overhead and
underground lines. In particular, 6.6 kV line is needed in the

area west of the Hann grid substation, covering the range Poste
Aeroport Yoff and Poste Universite, The construction costs for '
this work are roughly estimated as US8$252,234.- @%
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Low Voltage Lines

The following detalls refer to rehabilitation work to be carried out on

the low voltage lines.

1)

2one: Plkine - Guediawaye - Rufisque areas

In the order of priority, the work breaks down as follows:

Pikin (area 2}, {(Thlaroye, Mer and DPagoudane Plkine feeders)

Replacement of 75 km of low voltage bare conductors by

preassembled cables.
Parcelles Assainies (No. 1 - No. & area)

Rehabilifating 50 km low voltage distribution lines using

wooden poles.
HLM (New Housing Estates) Guediawage
Rehabilitation of 250 m low voltage underground cables,

Rehabilitation of 250 m underground cables for street
lightiig. -

“Traditional vlliages {Thiaroye, Dlameguene, Yeumbeul, Keur

Massar, M’Bao)

- Replacement of S50 km of low voltage bare conductors by

preassembled cables,

Rufisque
Replacement of 30 km' of low -voltage bare conductor by

preassembled cables.



(6)

2) Zone: Dakar - Ville area

a.

Medina

Rehabilitation and replacement of 80 km of low voltage bare

conductors by preassembled cables.

Parcelles Assalnies

Rehabilitation of 15 km low voltage distribution line using

- wooden poles.

Traditional villages and SICAP (N'Gor, Yoff, Dakaf. duakam)

Replacement of 80 km of low voltage bare conductor by

preassembled cables.
Dakar - Plateau

Replacement of 30 km of low voltage bare conductor by

preassembled cables. .

The low-voltage  distribution lines qualifying for

rehabilitation work total 370 km. Moreover, 159 km of

low-voltage distribution lines have to be newly ceonstructed
to supply power to the-  development areas (ZAC de M'Bao,
Parcelles Assainles de Malika etec.), with plans of new

connections to a total of 29,055 consumers.
The construction costs are detailed below.
Rehablilitation v USS6,771,930.-

New Installations i, US$3,593,037,-
Connecting to consumers: U554,997,460.-

Change in Supply Voltage

Supply voltage is to be changed from Bl (127/220V¥) to B2 (220/380V),
The objective is to improve the quality of power supply to the

T ~-30
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consumers and reduce technical losses as voltage drops will be reduced.
The construction work for changing the supply voltage will be as
detailed below.

- | Replacement of transformers in medium voltage/low voltage poste;
- Public lighting distribution panel (EP);
- - Replacement of bulbs for public lightings;
-+ Change of lead-in connections to False B2 consumers;l
- Installation of grounding wires;
- Adaptation of consumer equipment to suit voltage change;
Replacement of bulbs
Instailation of auto-transformers for single ﬁoltage unitcs
Replacement of single-phase equipment
Change of connections for three-phase motors
Adaptation of three-phase motor control
Replacement of consumers® low voltage cables
Changeover to a.c. (thrée~phase) voltage supply contracts with
consumers

Replacement of meters and breakers

Number of Number of Number of Total Number of
Area Postes Consumers an Consumers on Consumers
Bl Supply B2 Supply
Pikine 50 1,947 : 20,795 . 22,742

Dakar 293 16,977 15,813 32,790

A total of 293 distribution Postes and 32,790 consumers will be
affected. These will be divided into 58 lots. The costs amount to
approximately US5$10,067,500.- One lot comprises approximately 5
Postes.

Investment Overview

The total investment costs for the rehabilitation, voltage step-up, and
new distribution network construction (expansidn)_schedules for Dakar
and its surrounds under the short-term plsn smount to an estimated
Us29,220,787.-



These costs are detalled as follows..

Rehaﬁii;;;tion Exﬁﬁg;ion Total (US$)

Injector Substation 312,450 B 312,459
30/6.6kV .
30kV network © 22,190 554,196 576,386
MT/BT Poste - 2,562,386 2,562,790
6.6kV network 87,000 | 252,234 339,234
Low voltage 16,839,430 8,590,497 5,429,927
distribution network - : N

.-+ Total - ©17;261,070- 11,959,717 29,220,787

7.3

Selection of Priority Works for Improvement

. 7.3.1 Selection of Priority Works for Improvement

As

has been stated in clause

4.6 in connection with Service

Interruption due to Faults, it is clear that with respect to supply

xestriction energy due to faults in the medium voltage distribution
iines (30 kV and 6.6 kV): |

a,

It has also been pointed out in Section 12.2

The main factors are:

Problems caused by failure of equipment, rain and the protective
system. These problems account for about 70 of all supply
restriction energy and are primarily due to the obsolescence and

aging of the distribution facilities.
The faults by type of failure of equipment are:

Problems occurring with the power cables and'inéulator§; These
problems account for about 40X of the supply restriction energy.
Similarly te a. shove, the main cause for these problems is the
obsolescence and aging of the distribution facilities.

"Distribution Line

Facilities® of Chapter 12 *Environmental Assessment® that the existing
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distribution facilitles in. the Dakar area suffers £from problems,

including primarily:

a. Corrosion of the supports
~b.,- Crack formation in the concrete poles

c.. Pin'corrosion (insulators). -

. If the distribution facilities 1s left in its present condition, the
consequences may be faults affecting the future distribution facilities
and a threat-to the safety of the residential population in the area,

Recognizing the’ present situations of the existing distribution
facilities as described above, SENELEC has drawn up a master plan for
improving the facilitles. . Under this plan; the priority works of

improvement have. been identified and selected for the short-term plan
to be implemented on a short-tevm basis within the schedule for
rehabilitation work. However;, the present situation is that these
improvements have not been carried through as scheduled. Some work had
been started but was suspended because of lacking of materiais. In
view of the problems assoclated with the operation of the.distribution
facilities and the difficulties of assuring a reliable power supply, a
raview 1s currently being carried out to reassess the scope of work

under the short-term plan; -

-To resolve and Improve the above problems on the existing distribution
facilities, if only in part, the following areas have been selected as
recelving priority under this study.

a. Replacement of clrcuit breakers

b. Improvement of medium voltage distribution lines
¢. Expansion of low voltage distribution network

d. Rehabilitation of low voltage distribution network

7.3.2 Consideration for the Plan

Geographic¢ referénce materials indicaté that the SENEGAL can be divided

into the following cliimate zones.

a.. Sudanese climate (Climat soudanien)
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b. Sshellan climate {Climat sahelien)
¢. Coastal climate {Climat cotier)
d. Subguinean climate (Climat subguinien)

The target areas for the this Project are the City of Dakar and its
surrounding parts. These areas fall within the coastal climate zone
above which is characterized by cool, humid north-north-easterly trade
winds blowing from December to June. These trade winds carry with
their humidity & high level of salinity from the sea which {s the
source of salt contamination and damage in the Dakar srea. As the
insulation design of the electric facilities is particularly dependent
on the pollution level, it will be important to investigate the extent
of pollution level. As will also be stated in Chapter 12, SENELEC's
facilities have already suffered damage due to salt contamination. The

current damage due to salt contamination sltuation is as follows:

- Corroslon of the H-section steel used as supports of the
distribution lines,

-~ Pin corrosion of the.pin insulators

- FPlash-over breakdown of the insulators

- Corrosion of the hardwares

To control the above damage to the distribution facilities, it will be
important to exercise the greatest care in using the most appropriate
insulation design of the equipment and in selecting.the materials. At
the same time, the following measures are of great importance in the

operation and maintenanrce of the existing facilities.

~  Washing the insulators of the existing facilities.

- Using hot-dip galvanized hardwares,

- Using concrete poles, and steel poles protected against salt
contamination. '

- Using anti-pollution insulators, etc.

For reference, Table 7.3.2-1 gives guide values for the surface leakage
distance of insulators with respect to each pollution level.



7.4

Improvement Plan of Distribution Line Facilities

7.4.1 Replacement of Circult Breakers

(1)

(2}

Present Situation and Probiems

SENELEC is engaged in a program designed to replace the aged and
obsolete o0il circuit breskers in a systematic manner so as to
upgrade the supply reliability from the distribution substations
and in order to reduce maintenance costs. While efforts have
been made, there are still soma breakers which have not been
replaced. These hamper the effective operation of the facilities
and impair the reliability of power supply. '

Faults or maintenance of the circuit breakers take time and
thereby have a significant adverse effect on the power supply.
And the manufacturer of old type of circuit brreakers stopped the
supply of:spare parts for maintenance., Therefore, in order to
improve the reliability of power supply from the distribution
network, it will therefore be essential to replace these clrcult

breakers on a very urgent basis.
Selection of Circuit Breakers to be Replaced

The aged and obsolete oil circuit breakers in the distribution
substations shall be replaced with gés cireult breakers. Figs.
7.5.1 -1 (114 ~ 4]8&) show the circuit breakers due to be given
priority in replaced at the distribution substations, and Tables

7'4‘1ﬁ1 (;’4 - 4/4) show the specificaiton of existing circuit

breakers.

1) Centre Ville

a. No. 1 Transformer (Primary side)
b. No; 2 Tréhsfdrmer\(Priﬁary side)
c. Hofel'ﬁiné

a. Reéidenée'éap—Vert

e. Foncler Zola -

f. Credit Foncier
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¢+ Mohammed V Carnot

2) Universite

a. No. 1 Transformet (Primary side)
b. Ko. 2 Transformer (Primary side)
¢, Fann

d. Mermoz

e, Pointe E

f. Secours Mermoz

g:! Abass N’Dao
3) Aeroport Yoff.

a. No. 1 Transformer (Primary side)
b, No. 2 Transformer (Primary side)
¢. No. 1 Transformer (Secondary side) .
d. No. 2 Transformer (Secondary side)
e. Batterie Yoff

4) "Tﬁiéroye

7.4.2

(1)

a. Icotaf

b. Dagoudane Pikine
Impfbvement of Medium letage Pistribution Lines
Present Situétion and Problem

At present, the following prbblem§ on SENELEC's medium-voltage
distribution network will be singled out as reqﬁirlng an early

solution.

a. In some parts, rehabilitation oY extension work has not
been carried éut for expanding the power distribution
network The current capacity of these conductors and
underground cables is not adequate hnd causa bottlenecks in
the operation of the distribution network.



overload of the 6.6 kV Distribution Line

At present, the voltage of 6.6 kV and 30 kV is employed as
a system voltage for medium-voltage distribution networks.

With the future expansion of the medium-voltage

“distribution network, however, the schedule is not to
-expand thé 6.6 kv distribution network but rather use it in

its preseat form. To meet the future increase in demand,

however, the 30 kV distribution system should be expanded

“instead. Consequently, the 30/6.6 kV transformer load

which is currently overloaded will need to be changeovered

to 30 kV system.

© At the Thiarcye'SUbsEatiéh;'in particular, the situation is

that asa result of the increasing 6.6 kV ‘load, SENELEC is

‘fi0 longer in a position to uphold;ltS'basic operating
‘criteria of having one spare'transforher on standby, as can

"be seen from Table 7.4.2-1. °

Replacing of Overhead Lines with'Uﬁﬂerground Cables in the

‘Urban Areas

In the dinner city areas with a large population
concentration, the presence of overhead distribution lines

is causing safety problems for the local inhabitants and to

-the environment. These o6verhead lines are required to

replace with undergrfound cables in these densely populated

“clty areas.

Overhead Distribution Lines in the Harbor Facilities

In the harbor facilities there are heavy tréffic with large
trailers frequently coming and leaving. Accident reports
indicate that as these trucks move on the harbor site, they
will occasionally hit the poles.  To avoid such side
collision, the bottom parts of the poles are protected by

concrete. The fact at present is, however, that accidents

“due to vehicles brushing the poles cahnot be prevented. In

the'1ﬁteféétsyof’méiﬁtaiﬁiﬁg'a‘btébié power supply and of

* ensiiFing the sifety of véhicles) the ‘overhead distribution

=31
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lines in the harbor facilities should be replaced with

underground cables.
e. Salt Contamination Countermeasures

In certain areas by the coast, salt contamination has
resulted in demage to the supports of overhead distribution
1inés. . To prevént these problems, it is recoemmended that
the overhead distribution lines in the zones liable to salt

contamination should be replaced'wlth underground cables.
Selectien of Priority Work and Present Situation

In view of the difficulties causes to the operation of the
distribution facilities and in consideration of the safety
aspects, the work to be given priority at present in execution
should be identified. The following works have been selected for
each substations and the current situatioh_ls given below.

Figs. 7.4.2-1 and -2 give the scope of the work to be performed,
and Figs. 7.4.2-3 (1/6 ~ 6/6) show the general information of
existing facilities to be performed.

1) “Bel-Air

a. Feeder bDispensalre _
Frequent accidents reported in the Bel-Ailr harbor
facilities, due to large trucks brushing the poles.

2) Thiarcye

a. Feeder Rte, de Rufisque
b, Feeder Labo Pecherie
¢. Feeder Dag. Pikine

d. Feeder Yeumbeul
To reduce the 6,6 kV load in the Thiaroye distribution

spbstation, a part of 6.6 kV load will be changeovered to
30 kV system. In the section between Poste Alkarim -

7 08
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Dispensaire Dominique, the 6.6 kV overhead distribution
lines shall be replaced with underground cables because of
the high-density housing lots.

3) Universite

a. Feeder Fann _
The trees along the roads are growing and it will not
be possible to maintain the necessary clearance between
the trees and the overhead lines by pruning and cutting
the trees back alone.  Consequently, underground cables

should be used only between the Fann Rue 1 - Fann Nord.
43 Aeroport Yoff
&. Feeder Batterle Yoff
To prevent damage due to salt contamination, underground
cables should be used.
Description of Work
~ The existing 6.6 kV overhead distribution lines shall be replaced

by 30 kV underground cables. Line length to be performed for

each feeder is as follows,

a. Feeder DPispensaire: 2,150 {m)
b. Feeder Dag. Plkine: 800 {m)
¢. Feeder Fannt ‘ 350 {m)
d. Feeder Rte, de Rufisque {1): 5,800 (m)
e, Feeder Rte, de Rufisque {2): - 6,300 {m)
f. Feeder Dag. Pikinet 1,700 (m)
g. Feeder Batterle Yoff: . 2,000 (m)
h. Feeder Labo Pecherie: = . 2,900 (m):
i. Peeder Yeumbeul {1); o 300 (m)
j. Feeder Yeumbeul (2): 750 (m)

Total . . 23,050 (m)

fable 7.4.2-2 shows the capacity of 6.6 kV transformers to be
. changeovered to 30 kV system, ..

7 -89



"7.4.3 Expansion of the Low Voltage Distribution Hetwork

(1)

(2)

New Housing Estates

To meet the growing demand for houses due to the natural
population growth in the Dakar area and population migration from

the outer regions into the city, the Senegalese government and

" the City of Dakar authorities are engaged in development programs

to build new housing estates on the outskirts of Dakar. Table
7.4.3-1 gives the names of the new housing development zones
scheduled for construction as of September 1994 and lists the
development land areas involved and the number of houses to be

constructed,

The table indicates that a total of 79,000 new houses are due to
be built. It will be SENELEC's mission and obligation to assure
the stability of a high-quality power supply to these households.
For this purpose, it "will be necessary to construct a
distribution network consistent with the house construction

programs.

Selection of the Regions due for Expansion and thelr Present

" Condition

As shown in Table 7.4.3-1, programs are under way to build new
housing estates on the -outskirts of DPakar, and it will be
essential to construct a well-planned distribution network for

these new housing zones.

Hovever,  -in the peripheral zones of Dakar, there still are many
housing estates where the residents live without power supply or
power supply is not sufficient to meet their demand due to the
lack of distribution network. There is a strong desire for
reliable power supply in these areas, and it is considered that
illegal connection to their houses is motivated by this desire.
In the residential areas, the peak load appears in the night-time
hours, due primarily to the demand for lighting. Thus, for
example, In Madieng-Khary-Dleng, the voltage in the peak load
time has been measured as 160 V a value significantly short of
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the rated voltage of 220 V., This corresponds to an approximately
272 voltage drop. Such excessive voltage drops have a serious

“adverse effect on electric houseéhold applisnces, resulting in

‘lower efficiency of equipment and & shorter service life, Fig.

7:4:3-1 shows the voltage characteristics of an incandescent lamp
and Fig., 7.4.3-2 the same behavior of a fluorescent lamp. It can
be seen from elther of these figures that excessive voltage drops
make themselves felt in a serious fall in lighting'efficiency.
For fluorescent lamps. in particular the effect of voltage drops

becomes apparent in a reduced life of the 1ighting fittings.

In view of this fact, there is a sense of encouragement in the

hope that as a result of the expansion of the low voltage

4distribution network and wlth the assured supply of a reliable
_ {high—quallty power to these households it will be possible:

- to upgrade the level of activity of the residents.
- to reduce the illegal connection,

- to make more efficient use of energy.

- to assure the security to the residents at night time,

Consequently, the areas due for construction work to extend the

low voltage distribution network are the following five regions
so as to bring the benefits of electricity to some areas which
have been on a waiting list of as long as five years. Present

situation of these areas is as follows.

a. Madleng-Khary-Dieng

- While this area has already been electrified in part
(380/220 V), the voltage drops to approximately 160 V
. during peak demand.
- Water and telephone services are already avalilable.

- There are problems in terms of assuring safety at night.

b. Route de Boune

- There are problems in terms of assuring safety at night.
- Power dis supplied in part, but only to speclal

customers.



(3)

c, Route de Marine

- Water and telephone services are already available.

- While this area has already been electrified in part
(380f220 V), the voltage drops 1o approximately 175 V
during peak demand.

d. Route de Malika

- Powéf supply is available to a part of this area
(380/220 V)

e. Malika

« While this area has already been electrified in part
(3807220 V), the voltage drops to approximately 200 V
during peak demand.

Outline of Plan

Figs. 7.4.3-3 (1/2 ~ 2}/2) give the areas selected for the
construction work to extend the low voltage distribution network.
The land area due for development and the number of consumers

have been estimated as stated below.

Land area for development and number of consumers

Area Consumers
(ha) (Nos)

a, Madieng-Khary-Dieng 40 8060

b. Route de Boune 50 ' 1,000

c. Route de Marine 40 7 800

d. Route de Malika 40 300

e,  Malika S50 1,000

Total 220 4,400




TN
g,‘.kv

7.4.4 Rehabiliiation of the Low Voltage Distribution Network

(1)

Current State of the Existing Low Voltage Distribution Network

As will also be stated in Section 12 *Environmental Assessment",
the power facilities in the Dakar area have suffered extensive
salt contamination damage manifest in the form of corrosion of

the materials and insulator flash-over.

As mentioned in section 4.6 "Service Interruption due to Faults',
faults on the low voltage distribution lines occur predominantly
on the line itself and are caused mainly by line breskage due to

aging and bad connection of conductors.

The distribution facilities near the coast use H-section steel
for their supports. As these steel parts have very badly
corroded it is only too apparent that they are no longer capable
of providing the necessary strength to function as supports. For
the overhead lines, observatién has.likewise shown the presence
of corrosion of the conductors. This corrosion is the cause of
conductor breakage. 1In some cases, the inadequate strength of
the supports will ﬁésult in their collapse or In conductor
breakage during abnormal weather conditions. Incidents of this
nature are a direct threat to the safety of the resldents.

Forced to undertake improvement work on the existing facilities

as a matter of prime urgency.

SENELEC is currently engaged in a rehabilitation work.program but
the construction work is not being carried out as schedule due to
the lack of matefials. It is therefore of considerable
importance to carry out the improvements of the existing
facilities with the greatest urgency In order that SENELEC may

" meet is oblipations of maintaln a stable high-quality power

) supplf to iﬁe cdnsumérs_in its supply area and in order to remove

the dangers caused'to_the résidents'with the existing facilities.



(2)

(3)

Selection of the Areas for Rehabilitatiopzﬁork

The following areas will be selected as qualifying for prlority

"in the execution of rehabilltation work. The existing facilities

in these candidate areas have been in service for many years
since the system was first built and the effects of salt

contamination are prominently in evidence as corrosion has

" proceeded to a significant extent.

a. Base 11 - Rue 10
. Ei-Mehsou; :-
'AF Rue 10Hk 11“'
_ Rue 10 x Bene
- canal 1v '
- Amite IIX

b.  Base III -  Yoff Layenes
' - ‘Yoff Centre ,
- Yoff Village

- N Gor

. Ouakam Beulga .
- -_Ouakam Taglou ‘

- Ouakaﬁ Eceie |

General Déscriptien' of the Materials Used on the Existing
Facilities ' '

The following materlals’ are currently used on the existing
facilities,

a. Supports - Woodenrpole

-"Hfseetion steel

b. Cenduetors - Preassembled cable (now being replaced

‘as part of the rehabilitation work)
T 'Bare copper wire (30!10 40[10, 50/10,
22 mm? 38 mm?) '




&9

g,

(4)

c. Insulators - Low voitage pin insulators, low'voltage

tension (dead-end) insulators

Qutline oﬁ Plan

Figs. 7.4.4-1 (1/3 ~313) show the existing distribution networks
for the Yoff village, N'Gor and Ouakam areas which qualify for.
;priority in the execution of the rehabilitation work '

The nature of the rehabilitation work under this plan envisages
"‘primarily the replacement of the corroded H-section steel and the

' aged bare copper wires by pteassembled cable.



Teble 7.2.2-1 Electrical Characteristics of Conductors and Cables (6.6 kV}

Allowable Gurrent

_ Line Impadance Charging
Type of Rl Xt Gapacity Normal Abnormal
Conductor {ohms/km) (oturs/km) (kVAr/km) {A) (A)
Underground Cables
Pt 3x 10Cu" 2,260 0. 155 — 80 88
Pt 3 x 14 Cu 1. 650 Q. 165 e a0 99
Pl 3 x 25Qu 0. 858 -0. 148 3.004 125 138
Pi 3 x 35 Cu 0. 618 0. 140 3. 431 150 165
Pt 3 x 116 Cu 0.178 0. 110 5.515 300 330
Pt 3 x 147 Cu 0. 148 0. 106 6. 041 345 380
Pt 3 x 185 Cu 0.120 . 6.103 6. 600 - 400 440
Pi 3 x 240 Cu - 0.094 0. 09‘_8 ?.,34_] _4?0 511
Pl 3 x 50 Cu 0. 45% 0. 126 3. 960 180 198
Pl 3x 95¢u 0. 228 0. 113 5. 126 210 297
Pl 3 x 120 Cu 0.180 0. 110 5.584 315 341
Pl 3 x 150 Cu 0. 148 0. 106 6. 050 350 385
PRG 3 x 50 Cu 0. 456 0. 122 3.004 225 215
PRC 3 x 95 Gu 0. 228 0.113 3. 692 335 415
PRG 3 % 150 Cu 0. 148 0. 105 4. 400 420 512
PRC-TOR 50 Al 0. 756 0. 145 3.004 160 145
PRG-TOR 95 Al 0.378 0. 31 3. 692 230 285
PRC-TOR 150 Al 0. 243 0. 123 4. 400 265 360
PRC-TOR 240 Al 0. 148 0.115 5. 313 385 485
Conductors
17 Cu 1.058 0.380 0.132 120 150
22 Cu 0.818 0.311 0.137 145 180
38 Cu 0.424 0.356 0. 144 200 250
14 Cu 0. 243 0. 334 0. 162 300 375
2 x 38 Cu Q. 237 0.305 0. 167 3710 450
54.6 Almelec 0. 604 0.410 1.585 190 238
93.3 Almelec 0.354 0. 380 1. 695 215 344
148 Almelec 0.224 0. 370 1. 148 365 456
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Table 7.2.2-2 Electricat Gharacteristics of Conductors and Cables (30 kV)

Charging

' Alionébie Current

: Line fmpedance
Type of R - X1 Capacity Normal Abnormal
Gonductor (ohms/km) (ohms /km) (kVAr/km) (A) A
Underground Cables
Pl 3x 50CH 0. 456 0. 138 39. 393 180 198
Pl 3 x 95 Cu- Q. 228 0.126 52.113 270 291
Pl 3 x 120 Cu 0. 180 0. 120 56. 504 315 347
Pl 3 x lSﬂrcu 0.148 Q.114 52.154 ‘ 270 297
N&WRSOM 0. 756 0. 152 28.984 160 185
PRC-TOR 95 Al 0.378 0.138 36. 089 230 285
PRC-TOR 150 Al 0.243 0. 131 42. 060 2585 . 360
PRC-TOR 240 Al 0. 148 0. 123 49.445 385 . 485
Conductors
22 €u 0.818 0.410 (.503 ] 145 180
33 :Cu ) 0. 474 0. 350 1.671 200 250
54.6 Almelec 0. 604 0. 410 1.585 180 238
93.3 Almeles 0. 354 0. 380 1. 695 ?75 344
148 Almelec 0.224 0.310 1. 74¢ 365 456

Table 7.2 2-3 Electrical Characteristics of Conductors (80 k)

~Line Impedance Charging Alloxable Gurrent
Type of R! Xi Capacity
Conductor {ohms/km) {ohms/km) {kVAr /km) w (MVA)
Au-acier
228 sqmm 0. 170 0.38 24 525 81
Almelec
228 sqmm g 158 0. 40 2?2 480 15
288 sgmn 0. 125 0.39 23 530 86
366 sqmn 0. 094 0.39 24 640 100
430 somm 0013 0.28 24 705 110
570 sqmn 0. 058 0.37 25 900




Table 7.2.2-4 Allowsble Current of Bus Conductors (MT) -

Geometry of _ Sectional Area . | Allowable Current(%)

Bus Coh’d_uctors | {seymm- Cu) W
Trolley - Round bus conductor -

120/10 | tHe 290

80/10 48] 1l
010 38 140

60/10 L P 28). .10
Reotangul’é;r' (width/thickness) |

50/6 o 250 600,

40/5 : 200 500
30/5 : 150} . 400} .

30/4 . 120 360

Ring - hollow tube ‘
(Outer/iqngr diameter)

20/16 ' 113l 350
16/12 ‘ T ] 300
(9 : Calculating condition is as follows = ,@
~ Tehperature rise of bus conductor : 35 G
~ Ambient temperature 130 °C
- Ho wind
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Table 7.2.3-3 Changeover Program of 6.6 kV Load to 30 kV Natwork

Load to be changed to 30 kV (kVA)

Priority Works Short term | Medium term | Long term
1992 1993-1996 1967-2000 | - 2001-2005
Bel Air _ . . .
Bel Air
| ~ 6rond Dakar nooo| . 1.200f. 1,200 800
- Yoff ‘ © 1,000 500
-~ Dispensairs - 500 |- 1,000 1,300
- Concession : 500 .
Total Bal Air 1,000 2,100 3,100 2,100
L Hann -
Universite _ .
- ='fann 100 300 |- 300
L7 Me_rmoz ‘ 400 400
sine des Eaux
- Puits 12 _ 1.000 300 500
- Dieupeul Ecole 500
- Sibras ) 400 |
Ee'roport Yoff : .
~ Air Senegal - 1,000 500 1. 450
~ Batterie Yoff 500 ' 450
Total Hann 500 © 3,200 1,900 3,400
Cab des Biches |
~ Thiaroys ‘ ; . )
" - Route de Rufisque 300 500 600 1, 200
-~ Dagoudane Piking 600 400 300
-~ Yeumbeul b 800 500 "800
"~ Labo Pecheris o N 500 1,000 2,000
‘ 300 2. 400 2,500 | 4,300

Total Cap des Biches

Teble 7.2.3-4. Summary of Rehabilitation Program of 6.6 kV Distribution Ling

: Priority Works Short term | Medium term | Long term
Trunk Line 1992 1293-1996 19972-2000 | 200%-2005
from Substation (m) {m) {m {m}
Bel-Air 1,050 550 310 500
Centatra Ville 115 T 100 - -
Universite - .. 100 - -
Usine des Faux 775 ¢o- -1 -
Aerogort - 1,260 1,840 | 2,950
Thiaroye e 650 R I ~
Total Ling Length of .
6.6 k¥ lina to be 2,000 3,250 2,210 3,450

rehabilitated
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Yabie 7. 2 3-8 Summary of Extension Program of Medium Voltaga Distribution Lines

Priority Works Short term | Wedium ternm Long term
1992 1993-1996 1997-2000 2001-2008
Length of Extension
{m) i N
- Normal at 6.6 KV : A - 3,000 1,000 800
o y 5 - 3,000 1,000
. s 1 1,300
- Normal at 30 kV N - 2,000 . 3,000
- s § - 4,000] © . 5000 2,100
= Ghangeover to 30 kV @ A - 600 3,000 5,000
s S 1, 000 2,500 2,000
1,500 17.500 17,000 | _
1~ | : : 300
30KV/BT Transformer (kVA) - i, 800 8,300 g, 800 400 {
6. 6KV/BT Transformer (kKVA) - 2,800 4,200 500
Total 1,800 11, 100 14,000 |

‘Note : A : Overhead {ine

S : Underground cable




Table 7.3.2-1 Creepage Distance

HINIMUM SPECIFIC
) L . . NOMINAT, CREEPAGE DISTANCE
POLLUTION LEYEL EXAMPLES OF TYPICAL ENVIRONMENTS . between phase and ground
; A S oafphase-to-phase kV
) (highest voltage}

1- ngﬁt - Areas without industries and with low intensity of houses
T equipped with heatlng plants.

- Areas with low density of iudustries or houses but
subjected to frequent winds snd/or rainfalls.-

- Agricultural areas {1). - ' SR ‘16

- Hountainous areas. .
All these aress wust be sitvited far from the ses (10 to 20
km) and must not In any case be exposed to winds directly f:om
the sea (2).

I1 < Hediva - Areas with Industries not produclng particularly polluting
. smokes andfor wlth average denaity of houses, equipped with
heating plants, .

- Areas with high density of houses andfor industries but ‘26
! . subjected to irequent clean winds and{or rainfalls,

- Areas exposed ‘to wind from the sea but not too close to the
coast {at least a few kilometers) (2).

1EL - Heavy | - Areas wlth hlgh dsnsity of ihdustries and suburbs of larga
clties with high density of heating plants producineg
poellution,

.25
. " - Areas close to sea or in any case exposed to telatively
. atrong winds from tha sea (2).

1V - Very heavy - Aveas generally of moderate extension, subjected to
conductive dusts and to industrial smokes produclng
particularly thick conductive deposits. .

~ Arveas generally of modzrate extenslen, very close to the
S . coast and exposed tO sea-sprays or to very strong. and 31
i ) 'pollut{ng winds from the sea.

- Desert areas, eharacterized by ro rain for long parlods.
expased to strong winds carrylng sand and sale; and
subjected to regular condensatlon.

IEC 815 (1986) Guide for the selection of insulators in respect of polluted
conditlons.

(1) ~ Use of fertllizers by spraying can lead to'a hlgher pollution level due to
dispersal by wind,

(2)f: Distance from sea coast depend on the topography of the coastal areas and
~ on the extreme wind condltions. : ‘

Note 1: . In very clean areas, specific creepage distances lower than 16 mm/ kY
-can be chosen depepding on service expggience.

Note 2: In casa of exceptional pollution severity a specific creepage
distance of 31 mm/kV could not be adequate.



Table 7.4.1-1 Specification of Existing Circuit Breakers (1/4)

1. Centre-Ville (i/2)

Namo_of feeder
Bus voltage . .

B %+ AUV -

SF6

R\ U S

BRI\ W .2

$F6

L HOTEL NiNA

Cycle nominal -

2 Manufacturing year} - ..

o1&
0-3min-C0-2min-CO

Oct,, 1980
in Gerin_

b

d.

6.

f

E

h

k

!

A % RN NPT F—
9
i [

o Nove, 1982 )T

| A2os/a00/6. .

LA

0-gmin-C0-3nin-C0

i. Centra-Ville (2/2

0-3ain-00-3min-00

0-3nin-00-3min-C0

Name of feeder

Kind

Bus voltage R .

RESIBENCE

0c8

.. FONGIER Z0LA

CREDITL FONCIER |

BOHANFD V'
08

-:iiééfm“mmmmmmmmm“m

[ 2. Wanufacturing year}
‘b, Manufacturer . I VE

D e 3 B - P e e

ég;}émﬁéﬁiaé¥mmmmm

e b o3 g0 1w/ |20/

0-3min-C0-3min-00

0-3mi i-00-3min-00

4
0-3min-C0-3niin-C0

S S

0-3nin-00-3nin-C0




Table 7.4.1-1 Specification of Existing Clreuit Breakers (2/4)

2. Universite (i/2) . :
‘Mamo of feeder  f Tr. Mo 182 | Tr.No V&2 | T po . FAN
Busvoltege . . f 30Ky ot o eekv - | 66k | 66k
Kind a3 0CB SE6 SE6 008

_a._ Manufacturing yearfl =~ - L Oet, 1980 e T
b, Manufacturer I VERVIERS: €48 | i
o BrUSSEYS

R W..
BT .. T SRS .. AT SO NN SIS .., S

ae Lo ae ]
Cycle nominal 0-3min—C0-3min—C0 ) C-3min—00-3min-00 | - ' 0-3min-{0-3min-C0

D o D A i i i i i eh 0 a0

2. Universite (2/2} e
Name of feedor I MERMOZ | POINTEE | SECOURS MERMOZ |  ABASS NOAD
Kind 0CB 1] 0CB
b, Manufacturer & VERVI ALSTHOM | VERVIERS E1B
... A205/300/6 |

SRS U N S I B S ¥ T
Cyole nominal || 0-3nin-00-3nin-00 | 6-3nin-CO-3min-00 | 0-Gnin-CO-3min-C0 | 0-3nin-00-3nin-00

R Sl R R T

At
wie



Table 7.4..1-1  Specification of Existing Circuit Breakers {(3/4)

3. AEROPORT YOFF (1/2)
Nama of feeder 0 Tr. Mo 1&2 |- Tr. Mo i . 1: -Tr. L
Busvoltage f. . 30K .ol 66k o 66K . 66K
 Kind ‘ 0c8 - 0CB

i YERVIERS £18 .| .. YERVIER
....prussels | Brussels . f.' Brussels |
. A30/350/6 . 1. . A208/300/6 - ) ' A205/300/6 | ..
d...30/38 - ..20028 | 20/23

L83 b 9.7/84

Cycle_nominal 0-3min-00-3min-C0 } 6-3min-C0-3min-C0 | 6-3min-C0-3min—CO | .

T 0 DR e A e T e e laie
: : it § F 1 i i A CA

3. AEROPORT YOFF (2/2)
Name of -feeder ... - R - AIR SENEGAL. %' BATIERIE YOFF % -~ ]
Busvoltage i . BEK 1o 66&Y |
Kind ‘ : $F6
2. Menufeoturing yeary Nov. '82 |

b. Wanufactur . ol n Gerin -

L FBaB0

cldyn KA 0k B0
fo Oy M
X 1.4

Cyole nominal. | 0-3nin-00-3min-00 [0-Gmin-co-ominc0| . T g

oD E i T w e oo




Table 7.4.1-1 Specification of Existing Circuit Breakers (4/4)

4. Yhiaroye (1/2)

Name of feeder

Busvoltage [l sok o

Kind

L Te No 182

_UBB

COUPURE

$f6

TRASOCEANIQUE |
B0 A B

LABO PECHERIE
LBEKY

‘2. Manufacturing year|l  Wa
. Malin Gerin

b. Manufacturer

K 2. v

Pied B im T e ialo

fo_ Gk M

Bar "1 .

50

B T

s |

(AN EEAE TR SN IS M- TR OO B

T drmr | febrme | Ao
o Melin Gerin | i i

| DIS T 2258

S S
12
B
630

Cysle nominal

4. Thiaroye (2/?)

0-3nin-C03min-00|

lo-anin-co-minca|

Nawe of feeder

Kind

Busvoltee [

oyewsewl o MooRAF |
Y YT

_' W88

ROUTE OF
L RUFISQUE ..

$F6

s

DAGOUDANE
FIKINE
6

b. Wanufacturer

ldyn A

(kiiz)

_HK"“

o 0 D B X e TR e 0

.a. Menufacturing yearl

thern gty |

A

Cycle nominal

e

| wsiwooem | o

2

BT % SR
U N N X N
I T .

n b ]

23

__Msmow |
T
s
BT T I -
400 ol A0

__DELLE ALSTHOR

B

| 0-3nin-c0-3nin-00 |




Table 1.4.2-1 Waxinum Load of Substations and Feeders (6.6 kV)

1992 1993 1394 B
Max. (kW) Hax. (kW) Wax. (k¥)
Centre Ville 9,680} 9,850 9. 200
Hotel Nina 1,4207 . 1, 860 2, 24¢
Rasidenco Cap-Vert 1,680 1,180 - 1,980
Forsier Zola 2,640 2. 640 2,900
Credit Foncler 1. 680 740 1,340
Hohamad V' carnot ‘ 3, 180 2,060 2,920
...Blanchot Lemine Sow | 1,760¢  1.860) .. 1,660
Universite 8170 10. 560 9, 600
Hann 2, 780 2,180 2,280
Marmoz 2,420) 1,650 1,820
pointe E 3,000 3,040 . 2,440
Mermoz Secours 2,700 1,900 2,360
Abass Rdao 2.300 2,980 2. 760
AU e 1940 LB 2,040
Aaroport Yoff 6. 800 6. 160 8. 10¢
Batterie Yoff 2. 440 3. 440 2. 660
Air Sensgal 2,040 1,900 _ 2, 360
oo derme Sud b 32808 380l 3,340
Usine des Eaux 10. 880 11,900 18,870
Front ds Terre 3, 920 3.920 : 3,860
Sibras ' 2,240 3.320 2, 580 : _ _
Hann {6. 6kV) 1, 460 1,900 2,040 Z%
Fuits 2 4, 240 3,920 3. 680
Dieupsul Ecola 2,880 2,420 3, 800
.Sodida ol oooo2deel L) 40
Thiaroye 8,810 8,49% 1,200
Labo Pacheris 2,500 1.860 1. 530
Yeumbau! 1. 800 1,820 1, 860
fite de Rufisque 2,600 . 2,580 3, 600
Dagoudane Pikine 2,120 . 28201 3100
Jdeotaf o 230l o ozseel 3060
Bal-Air 22,660 ‘ 22,140 20, 840
Arssnal 2,510 2,290 1,880
Elmaf Fumoa 3,700 2,500 2,950
Port-Sud 2,300 1,500 1, 650
Dispensaire 4,430 : 4,120 5,620
Dakar-Est 2, 650 2,770 2,510)
Yoff ' 2,560 4,030 3,450
Grand Dakar 3,030 2,680 2,680
Granda Voirie 2,500 2,530 2.690].
Secours Telbiac 3,140 4,100 3.380]
Soto 2,120 ° 2,290 2,900 |
Sileye Guisse 2,640 2.48¢0 1.480
Badina 2,700 3.0 3,020
Concession 3,140 2,580 3.830 |- : g




&b

Table 7.4.2-2- Transformer Qapacity of Existing Postes (6.6 kV/BT) (1/2)

Name'of -
Distribution substation

- Feeder name

Name of poste

Owned by

(kYA

Tr. capacity

Bel-Air

Dispensaire

Mole V. .
Jalba
Stokage | Hui |

G35 Whrifiants
Shel) Por .
Shell Mole VII
DAPT

Coamon

mPrlvatemmmmm”.mmmmmmmmm

Mole VITL  —  I'SENEE | 2%

Private | _Nete 1
Private |  Note 1
Private 1 Notel
Private | Notel

Sub-total 1,

Universite

Fann

Fern Nord

Fann Rue 1

SENELEC

Private | 2

Sub-total

Aeroport Yoff

Batterie Yoff

Almadies

Pointe de Almadies

Peivate

SENELEC

| Vivier Mimadies [ Private | 6
BV

135

SENELEG b 180

63
135

Peivate 11

135

Sub-total

468

Thiaroye

Rte ds Rufisque

| Compiexe Avicole de W
m%MmeX” R

”instltut 3l|lque mmmmmm.wmmlmmm“mmmmm‘“mmmm“mmnmmm

MBao | SENELEC ot W
SENELEG | .....160
Private 40

Petit WBa0
BN
km20 N 8Bag Gare

?Keur Hassarm" S
Verger Xeur Hasar o
HS1 Niacourab

SENELEC

SENELEC

Private | 250
Private | 2

Private | 180

Sub-total 2,

Yeumbeu!

Yeumbeu! Ben Barague

Private

(SENELEG | 2

Aprivate |

Sub-total 1,

Note 1

. to be cinfirmed.

763




Table 7.4.2-2 - Transformer Capaoity of Existing Postes (6.6 kV/BT) (2/2)

. Namo of
A Distribution substation

Feeder nama

Name of posts

- Owned byf

Tr. capacity
i (KYA)

Ihiarcye

Dagoudane Piking .

_Dagoudana Sane
Dagoudane §
Guinaw Rail |
|.Guinaw Rail } |
| Guinaw R

: mges;uéjkﬁfimmm“mm“mm":l'm
| Dag._Marche

SENELEG

| seweLec  f 250

ikmnnn

Dispensaire Dominiqus _

Sub-total

tabo Pecherie

wﬂann Yontagne

L Private oo e
jSewerec oM
. . P '
Batisse H61 ‘|
| Areski oo oo
1.8

t

Private - { - 160
1 Priva R
Private | |

Private

Sub-total

Total of Thiaroye

T-+64.



Tabia 7.4.3-1 Housing Site Under Developing in Dakar Area

Surface Type of No. of | Total No.
No. Location Area (ha) |  House Houses/ha of Houses
i | Pointe Almadie 200 Exﬁlusfve _ 20 54,000
~ residential] :
2| Sotrac Pyrotechnie 20 - : 20 400
3| Nord Liberts 6 of -7~ | 20 " 800
- 4| sud Foire g0 -- | 20 - 800
5| Nord Foire 00| -7 - 20 4,000
6 | Ouest Foire : 50| - - 2 4,250
7| 6rand Yoff | -- 30 2,850
8 | Patte D' Oio | 198 | Medium-class 30 5,940
» residential '
Total Dakar Ville 43| - 20,040
11 Golf Nord ' 70| Economical 40 2,800
h . o residential
2| Golf Nord Est 80 LRGN 40 3,200
,@ 3 Kem;_i Wassar ' 53 i— " - ' 40 : ,;2, 120
4| Malika 400 | Residential _ 40 16, 000
5| Woao Bare soo| -7~ 40 20, 600
6| Rufisque Ouest go| -7 - 40 3,200
7| Rufisqua Nord . . i0 -7 - 40 2,800
8 | Canp Marchand | o -7 - 40 1,600
9 | Dalifort 150 - - 40 6,000
10 | Mozo Boun | | -~ 40 1,200
Total Pikine - Rufisque 1,413 | 58,920
Grand Total 2,016 78, 960

Note : Nusber of houses per hectare and total number of houses are estimated value



Poste 30/6.6kV Centre Ville

D34 |
MADELEINE  (MTOA) HANN
/
30KV
1 108 )
AN
15MVA
300A
SF
- — 6.6k

MOHAMEDV CREDITL FONCIERE RESIGENCE HOTEL BLANCHOT
CARNOT  FONCIER  ZOLA CAP-VERT NINA  LSOW

. H CB's lo be repiaced

e Disconnecting Switch

o Circuit Breaker (Monual Contrél) ‘

K Circuit Breaker (Tele—Control)

SF ‘ SF6

cB oCB’

M8 MBB

o Tronsformer

8 &

— G- CT

Fig.7.4.1-1 Circuit Breakers to be Replaced (1/4)




& LR

&

Poste 30/6.6kV Université

EMBRANCHEMENT :
MADELEINE - ALMADIES HANN
{ _ /
-~ " 30kv
| 10408 )
A
_ 15MVA
300A 300A
| SF

e

ABASS SECQURS POINTE
N'DAG  MERMOZ

Q2
SF
08B

MB

(D.

..t.m@..._

6.6kv

MERMOZ - FANN U¥

CB’s lo be reploced

Disconnecting Switch

~ Circuit Breaker (Monual Control)

Circuit Breaker (Tele-Control)

StHe

- 0C8

MBB
Tronsformer

C1

-7 Fig.7.4.1=1 Circuit Breokers o be Reploced (2/4)

7-67




- Poste 30/6.6kV Aéroport Yoff

PLACE O
NGOR- FIDAX

|
([ (

6.6kV
: 5308 SF SF
- BATIERIE .- AR - - ASECNA.  TERME
YOFf SENEGAL.. = .. SUp

T - eB'sto be replaced

- - Disconnecling Switch

- [d - Circuil Breoker (Monual Control)
B - Circuit Brecker (Tele—Controt)
S SF6
08B - 0OC8

MB .. MBB

QD . ... Trensformer

—©— 0

Fig.7.4.1<1 Circuit- Breokers to be Replaced (3/4)

168




Poste 30/6.6kV Thiarove

COUPURE DAGOUDANE
TRASQCEANIQUE  LAMSAR SOTRAC SIS

SF / (
- \ 30
BqsF
AN
| 7.975MVA 7.975MVA
300A 3004 §
DQMB
®
1 . 6.6kV
0doB; 0 {pd08] EIGMB MB
)
DAGOUDANE  ROUTEDE  ICOTAF YEUMBEUL LABO
PIKINE RUFISQUE PECHERIE
Co C8's to be replaced
e Disconnecting Switch
] Circuit 8recker (Monual Control)
- 3 Circuit Breoker (Tele-Control)
SF SF6
0B 0CB
MB MBB
O Tronsformer
- cT

Fig.7.4.1—1 Circuil Breokers to be Replaced (4/4)

769
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